China's rapid development and urbanization have created large numbers of migrant laborers, with increasing numbers of young adults and couples migrating from rural areas to large cities. As a result, a large number of children have become left-behind children (LBC), who were left behind in their hometown and cared for by one parent, grandparents, relatives or friends. Some of these LBC have a chance to be college students, who are called college students with left-behind experience. Some studies have indicated that the absence of these college students' parents during childhood may cause them to have some mental health problems. Therefore, we want to examine the effects of left-behind experience on college students' mental health and compare the prevalence of mental health problems in left-behind students and control students (without left-behind experience). For this purpose, a cross-sectional comparative survey was conducted in a coastal city of Shandong province, Eastern China. First, 1605 college students from three universities (national admissions) were recruited, including 312 students with left-behind experience and 1293 controls. Their mental health level was measured using Symptom Check-list 90 (containing ten dimensions: somatization, obsessive-compulsion (OCD), interpersonal sensitivity, depression, anxiety, hostility, terror, paranoia, psychoticism, and other symptoms). The results showed that left-behind experience was a significant risk factor for the mental health problems of college students (OR = 2.27, 95%CI: 1.73 to 2.97). A comparison of the two groups, after controlling the confounding factors using the coarsened exact matching (CEM) algorithm, showed that the prevalence of mental health problems was 35.69% (n = 311) among the left-behind students, while it was 19.68% (n = 1194) among the controls. The two groups were significantly different in terms of these ten dimensions of the SCL-90 scale (p < 0.001), and the prevalence of each dimension among the left-behind students was consistently higher than that among the controls. In addition, different left-behind experiences and social supports during childhood had different effects on mental health problems.
Introduction
The past four decades of modernization and urbanization in China have created large numbers of migrant laborers, with increasing numbers of young adults and couples migrating from rural areas to large cities. These adults usually do not take their children with them due to the high living costs and barriers to accessing educational services in the cities where they work [1] . As a result, a large number of children become left-behind children (LBC), who are left behind in their hometown, cared for by one parent, grandparents, relatives or friends [1, 2] . According to the data of the Ministry of Civil Affairs of China, in August 2019, there were more than 6.79 million LBC in rural areas in China. In terms of guardianship, 96% of the LBC in rural areas are cared for by their grandparents, and 4% of LBC are cared for by other relatives and friends. As for the age distribution of the LBC, 21.7% are aged 0-5 years old, 67.4% are aged 6-13 years old, and 10.9% are aged 14-16 years old. In terms of regional distribution, Sichuan province has the largest number of LBC, followed by Anhui, Hunan, Jiangxi, Hubei and Guizhou provinces [3] . There were 150,019 LBC in Shandong by the end of 2016, accounting for 1.66% of the total number in China (9.02 million).
LBC is a phenomenon not only in China, but also around the world. However, due to China's deep-rooted urban-rural dual structure, the phenomenon of LBC is particularly prominent in China. The large amount of LBC in China has attracted more and more attention from China's educators, sociologists and criminologists, and even government and education departments. More and more scholars come to study on the mental health of LBC, parent-child relationship, the relationship between social support and mental health, mental health and subjective well-being, mental health and left-behind experience, education and health management, and so on.
Elder's life course theory shows that the changes and events of the family in the life course of the individual from childhood to adulthood, marriage, parenthood to old age will have an impact on the individual development. In the book Children of the Great Depression, Elder also pointed out that the personal life course was embedded in the historical time and the events they experience in their life years, and was also shaped by these time and events. The series of life changes or life events will have an important influence on the individual's development [4] . LBC, compared with children who do not have left-behind experience, due to the special growth environment during the life process, their character would be affected or changed under the pressure in the special environment. Many studies have reported that, compared with a single-parent family or the absence of both parents, both parents' company is more conducive to children's growth and development [5] , and parental absence has a detrimental impact on the emotional and behavioral functioning of children [6] [7] [8] [9] . Physical inaccessibility and lack of communication tends to disrupt parent-child attachment, leading most LBC to live in a situation lacking parental care, support, guidance and communication, which may have many negative emotional impacts on the children [10] [11] [12] [13] . Li's study indicated that if children failed to receive proper guidance and help from their parents in ideology and values during the critical period of their growth and development, the normal development of their personality would be affected. Compared with ordinary children, due to lack of proper guidance and help from their parents during the left-behind time, many of the LBC have no opinions or dare to express themselves. especially when they encounter things or face problems, they would lack judgment [14] . Usually, these LBC had less communication with their parents during the left-behind period, and the content of the communication was monotonous. More attention from the parent was paid to the child's physical health and academic performance, and less was paid to their mental health issues, which caused different levels of mental health problems, for example, depression, sensitive interpersonal relationships, social anxiety, etc. [15] . A meta-analysis of social anxiety in left-behind children in rural areas of China shows that rural LBC's social anxiety was 36.1% (N = 18544), which was higher than that of non-left-behind children (20.2%) [16] , and LBC had a lower social adaptation than non-left-behind children [17] .
Some of these LBC study hard and have a chance to be college students, with left-behind experience. The definition of college students with left-behind experience was first proposed by Zhang, who defined this group as college students who had left-behind experience before they went to college [2] . So far, the definition of these left-behind students is not consistent. Wen and Zeng defined them as children:
(1) whose parents (one or both) go away from home for a long time, migrating to other cities for work, business or study or (2) who have been separated from their parent(s) for 6 months or more, and (3) whose current age is 17-21 years old [18] . He defined them as children: (1) whose parents (one or both) go out to work during their growth stage, leaving them in their hometown; (2) who had a left-behind experience before they were 17 years old; and (3) who have been separated from their parent(s) for more than 6 months and are now studying at university [19] . Jin defined them as children: (1) whose parents (one or both) go out to work during their growth stage, leaving them in their hometown;
(2) who had a left-behind experience before they were 14 years old; and (3) who were separated from their parent(s) for half a year or more each time [20] .
In a study on college students with left-behind experience, Zhang first summarized the mental health characteristics of these students in 2006. She then conducted a survey in 2008 through qualitative interviews and psychological consultation, which indicated that left-behind experience had a certain impact on the psychological health of college students. The impacts were different between boys and girls: Girls were more worried about safety issues than boys. Meanwhile, through interviews, Shu and Zhang found that if the girls took on the responsibility of caring for their siblings, they were often brave, and the impact of left-behind experience on safety and horror was positive. For example, some left-behind students were more independent and more considerate of other people's feelings and showed higher inverse quotient indices [2, [21] [22] [23] [24] . Besides lacking parental companions and having low family conditions and growing environments, as well as unsound social support networks, these left-behind students tended to be more sensitive than the students who did not have left-behind experience [25] [26] [27] . Some studies found that left-behind experience had significant effects on college students' psychological development and mental health in adulthood. Left-behind students were more likely to develop mental health problems, such as psychological imbalance and emotional disorders, a fragile mentality, and affective disturbance [24, 28, 29] . They seemed to be more sensitive in interpersonal communication and to feel more inferior. Some students had lower self-esteem, more negative emotions, fewer positive coping styles, low life satisfaction, low subjective well-being and so on [30] .
In order to close some of these research gaps related to the mental health of college students with left-behind experience, we performed a cross-sectional comparative study of college students with left-behind experience and controls (college students without left-behind experience), in which we assessed the prevalence rate of mental health, including total mental health, somatization, obsessive-compulsion (OCD), international sensitive, depression, anxiety, hostility, terror, paranoia, psychosis and other symptoms. We examined demographic and social support factors, including gender, rural or urban source, only child or not, separation type with their parents, duration of being left-behind, education level of the parents and the people they lived with during the left-behind time, their relationship with people, and so on. Therefore, based on the life course theory and the special growth experience of the college students, we established the following three hypotheses.
Hypothesis 1.
Whether the left-behind experience is a significant risk factor for the mental health of college students.
Hypothesis 2.
Mental health problems are more prevalent in college students with left-behind experiences than controls, and the prevalence of mental health problems among left-behind students is higher than that of controls, including the prevalence of the dimensions of the SCL-90 scale. Hypothesis 3. Different left-behind experience characteristics and social supports have different effects on the mental health of college students, not only on the total mental health, but also on the ten dimensions of the SCL-90 scale.
Material and Methods

Paticipants
Based on the definition of LBC and China's College Entrance Examination Policy (allowing social groups to participate in the college entrance examination), we finally adopted Zhang's definition of college students with left-behind experience: as long as you have had a left-behind experience before going to college, you will be defined as a college student with left-behind experience [2] .
A cross-sectional comparative design was conducted in Yantai of Shandong Province, China. Yantai is a coastal city with a population of about 7 million, and the economic level is in the third place in Shandong province and the 20th in China. Due to Yantai's better economy, geography and education, larger numbers of college students are attracted from other provinces, especially some central and western provinces, where there are a large number of left-behind children. There are five undergraduate universities in Yantai. Considering the distribution of the subject branch and representativeness of the sample, we selected three different types of universities (a comprehensive university, a normal university and a medical university) and nineteen undergraduate majors that were recruited nationwide.
In order to calculate the sample size by considering the prevalence rate of the mental health problems among college students with left-behind experience, we conducted a pre-survey in one medical university, with a sample size of 455 in Yantai city [30] . The prevalence of mental health problems among the left-behind students was 54.7% in the pre-survey. We chose a 95% confidence level (α), allowable error (δ) of 3% and a computational formula N =
. When P = 0.5 and δ = 3%, N was the largest sample size, with 1057. The proportion of left-behind students with left-behind experience in the pre-survey was 30.1%, which was higher than that in some similar investigations (nine studies, n = 20,565) [31, 32] . In order to ensure the sample size and representativeness of the left-behind students, we thus expanded the final target sample size by 30% (N = 1374). To account for invalid questionnaires and other potential limitations, based on the percentage of valid questionnaires of 91% in the pre-survey, we expanded the final target sample size by 30% and recruited 1650 college students. Finally, we received 1605 valid questionnaires, with an effective rate of 97.27%. Among these 1605 participants, there were 312 left-behind college students, with a proportion of 19.44%, which was much lower than that in the pre-survey.
Procedure
This study was approved by the Ethics Committee of Binzhou Medical University (Human Research Ethics Committee (No. 2019-49), founded approved this study in 2019), with the help and approval from three university officials and tutors. The questionnaires was filled out anonymously, and the consent of the respondents was gained before the investigation. The questionnaires were assigned to each student and completed in a classroom administrated by the investigators and assistants, who were trained professionally before the investigation. Under the consent of the participants, we investigated each class as one unit in order to eliminate the worries of the participants. The students were explicitly assured that their responses would be treated anonymously and that the research data would be stored securely. In the process of completing the questionnaires, the investigators and assistants walked around the classroom to remind the participants not to communicate or help each other. If the students had difficulties, they could ask the investigators or assistants for help, not their classmates. The questionnaires were finished and checked by the investigators or assistants, before being submitted.
Measurement
We chose the Symptom Checklist 90 (SCL-90), compiled by the famous American psychologistDerogatis in 1977, as the investigating tool [33, 34] . As one of the most well-known checklists of psychological symptoms, SCL-90 has a high validity and reliability for measuring mental health, and it contains a list of symptoms that are divided into different psychological conditions, such as somatization, obsessive-compulsion (OCD), interpersonal sensitivity, depression, anxiety, hostility, terror, paranoia, psychosis and other symptoms. However, a number of studies have shown that SCL-90 and its variants tend to measure general psychology and mental health problems. It is suitable for participants over 16 years of age. The items of SCL-90 are rated on a five-point Likert scale, and higher scores indicate more mental health problems. According to the Chinese norm, if the total score of the SCL-90 scale is more than 160 points, this indicates a subject with positive mental health problems, as do positive responses to any dimension/factor's mean score of more than 2 points (the total score of each dimension/factor, divided by its item number). In this study, the Cronbach α is 0.982, which indicates it has a good reliability.
Statistical Analysis
First, a chi-squared test was used to assess the differences between left-behind students and controls in terms of mental health prevalence and equilibrium test demographic characteristics. Then, the coarsened exact matching (CEM) algorithm was used for data matching in order to control the imbalance between the two groups (left-behind students and controls). CEM is not a method of estimation, but rather a way to preprocess a dataset so that the estimation based on the matched data will be less 'model-dependent' (i.e., less a function of apparently small and indefensible modelling decisions) than when based on the original full dataset [35] [36] [37] . Matching involves pruning observations that have no close matches on covariates in both the treated and control groups; it can improve the estimation of causal effects in observational studies by reducing imbalance in covariates between the treated and control group [35, 38, 39] .
The CEM algorithm involves three steps. Firstly, each covariate variable (X) is coarsened by recoding to the group and appointing the indistinguishable values with the same value [40] . The second step: using the algorithm of exact matching to data matching, and removing the coarsened data, and make sure that the last remaining data should be matched data [37] [38] [39] [40] [41] [42] . The third step: calculate a comprehensive multivariate imbalance measure. The measure is based on the L1 difference between the multivariate histograms of all the pretreatment covariates in the treated group and that in the control group [39, 41] . L1 provides an easy interpretation: Conditioned on the coarsening level, if the empirical distributions before and after CEM are completely separated, then L1 = 1, while if the distributions perfectly overlap, then L1 = 0; otherwise L1 ranges from 0 (perfect global balance) to 1 (maximal imbalance). A good matching substantially reduces L1 [40, 41] . L1 can be calculated as follows. Formula (a): Firstly, covariates were coarsened into bins. Then, the discretized variables were cross-tabulated as X 1 × . . . . . . × X k for the treated and the control groups separately, and the k-dimensional relative frequencies were recorded for the treated and fε1 . . . . . . εk for the control gε1 . . . . . . εk units. Finally, the measure of imbalance is the absolute difference over all the cell values [39] [40] [41] :
We modelled the CEM using the cem command code with Stata 13.0 analysis software. More details of the CEM method can be found in other literature.
Results
Demographic Characteristics of the Participants
In this study, 1605 college students from three universities were investigated: 312 college students with left-behind experience, and 1293 non-left-behind students were used as controls. The demographic characteristics of left-behind students and controls are shown in Table 1 . Equilibrium tests of the demographic characteristics of left-behind students and controls showed significant differences in terms of the university (X 2 = 15.74, p < 0.001), gender (X 2 = 13.56, p < 0.001), and urban or rural source (X 2 = 27.33, p < 0.001), which indicated that the variables for the two groups were unbalanced. Note: N (%) was reported, and a chi-square test was used as an equilibrium test. All statistical tests were two-tailed, and the threshold of significance was defined as p < 0.05.
Data Matching Performance
Equilibrium tests showed that the multivariate L 1 statistics was 0.306 of the 1605 observations in the database (312 left-behind students and 1293 controls). Then, we used university, gender, grade, only child or not and urban or rural sources as the control variables for data matching; after matching, 100 observations were deleted, and 1505 matched observations remained, including 311 left-behind students and 1194 controls. The multivariate L 1 between left-behind students and controls was 4.84 × 10 −15 , actually close to zero, which was much lower than that before matching ( Table 2) . Table 3 showed there were no statistical differences in terms of the control variables between the two groups, which indicated good matching performances and thus the two groups became more comparable. Note: L 1 was computed for measuring the imbalance between left-behind students and controls, using Stata 13.0. Note: N (%) is the number of students in each group and the percentage. A chi-square test(χ 2 -value) was used as an equilibrium test of the two groups. All statistical tests were two-tailed, and the threshold of significance was defined as p < 0.05.
Comparison of the Prevalence of Mental Health Problems in Left-Behind Students and Controls
Controlling the confounding factors, we used matched data to compare the mental health problems of the two groups. The prevalence rate of total mental health problems was 35.69% among left-behind students, which is substantially higher than the prevalence of 19.68% among controls (OR = 2.27, 95%CI: 1.73 to 2.97). Similarly, left-behind students showed a higher prevalence rate of the SCL-90 scale's ten dimensions: somatization problems, 20.58% vs. 9.38% (OR = 2.50, 95%CI:1.79 to 3.51); Ocd, 44.05% vs. 28.56% (OR = 1.97, 95%CI:1.52 to 2.55); interpersonal sensitivity, 40.51% vs. 22 .19% (OR = 2.39, 95%CI:1.83 to 3.11); depression, 29.90% vs. 17.33% (OR = 2.03, 95%CI:1.53 to 2.71); and other dimensions, which are shown in Table 4 . Table 4 . Comparison of the prevalence of mental health problems in left-behind students and controls after data matching. Note: After data matching, there were 311 left-behind students and 1194 controls. Positive cases of 10 dimensions: mean score of each dimension is more than 2 points (the total score of a dimension, divided by the item number of this dimension). Positive cases of total mental health: total score is more than 160 points, indicating positive mental health problems. A chi-square test was used to compare the differences between the two groups (two-tailed). The threshold of significance was defined as p < 0.05. Table 5 shows the risk factors for the total mental health and ten dimensions of the SCL-90 scale, mainly including demographic characteristics, different left-behind experiences and social support variables. (1)Regarding the left-behind length of time variable: less than two years relative to more than two years was OR = 0.47 and 95%CI: 0.26 to 0.87; Regarding the variable of 'the reasons your parents are not around': Note: (1) Influencing factors mainly including the variables of demographic characteristic and social support of the left-behind students during the left-behind time. Mental health mainly including the total mental health and the ten dimensions of SCL-90 scale (The 10th dimension was excluded, because all the variables had no effect on it). (2) All statistical tests were two-tailed. * Significance at the 0.05 level (two-tailed); ** Significance at the 0.01 level (two-tailed). Adjusted for all other variables in the analysis. OR (odd ratio) and 95%CI (95% confidence interval) were calculated using binary logistics regression. The first group of each independent variable is the control group. The variables of the education level of students' parents and the people they live with are ordered variables.
Dimension of SCL-90 Scale
Left-Behind
Risk Factors Analysis for the Mental Health of College Students with Left-Behind Experience
Father absence had an important influence on college students' mental health, and father's absence relative to 'other reasons' in total mental health problems was OR = 1.97 and 95%CI: 1.08 to 3.60, OCD was OR = 2.17 and 95%CI: 1.24 to 3.81,anxiety was OR = 2.67 and 95%CI: 1.34 to 5.33, terror was OR = 2.03 and 95%CI: 1.19 to 3.47, and paranoia was OR = 1.94 and 95%CI: 1.12 to 3.35. (2)The variable of 'who do you live with during the left-behind time' was an important risk factor for total mental health, somatization, international sensitive, depression and paranoia. Compared with living alone, or living with other people, the students living with father or mother during the left-behind time were less likely to have mental health problems (Total mental health: OR = 0.42, 95%CI: 0.22 to 0.80; somatization (OR = 0.46, 95%CI: 0.22 to 0.98); international sensitive (OR = 0.56, 95%CI: 0.34 to 0.91); depression (OR = 0.51, 95%CI: 0.31 to 0.84); anxiety (OR = 0.52, 95%CI: 0.31 to 0.88; paranoia (OR = 0.52, 95%CI: 0.31 to 0.88); psychosis (OR = 0.59, 95%CI: 0.35 to 0.98). (3)The education level of the people the students live with during the left-behind time was an significant risk factor on the total mental health (OR = 0.74, 95%CI: 0.56 to0.98), OCD(OR = 0.71, 95%CI: 0.54 to 0.93) and paranoia (OR = 0.74, 95%CI: 0.57 to 0.95). The higher the education level of the people the students live with during the left-behind time, the lower the prevalence rate of the total mental health problems, OCD and paranoia problems. The influences of other variables were all shown in Table 5 .
Discussion
This study makes an important contribution to the domestic and international literature on the mental health of college students with left-behind experience. The results of this study confirmed that left-behind experience was a significant risk factor influencing college students' mental health. The mental health problems were more prevalent in left-behind students than in controls, which confirmed the first hypothesis of our study, and the prevalence rate was higher than that of the norm for Chinese college students [42, 43] . These findings were consistent with the studies of Zhang and Wen, which provided evidence that left-behind students had limited social support networks that endangered their mental health problems [2, 18] . Some studies indicated that due to a lack of family guidance and support during childhood, these left-behind college students did not develop the ability to manage their negative emotions well, which affected their mental health and caused some psychological problems for a long time [44, 45] . Sigmund Freud, the originator of psychoanalysis, also pointed out that if individuals' emotional needs are not met during childhood, negative emotions accumulate and are buried in the subconscious, which affects these individuals' mental health [45, 46] . Notably, however, Li found that college students with left-behind experience behaved in more modest and cautious ways to correspond with the requirements of traditional Chinese cultures [24] .
In this study, we found that the university, gender, only child or not and urban or rural source variables were confounding factors in the comparison of the mental health of left-behind students and controls, and left-behind students had clear mental health and psychological problems, which were reflected in the levels for the ten dimensions of the SCL-90 scale (somatization, OCD, interpersonal sensitivity, hostility, terror, paranoia, etc.), which confirmed the second hypothesis of our study. The result also indicates that these confounding factors are the influencing factors of left-behind students' mental health, which is consistent with previous studies [22, 23, 47, 48] . Besides, the prevalence of OCD among college students with left-behind experience was 44.05%, but it was 28.56% among controls. The depression rate of 29.90% in college students with left-behind experience is higher than the 17.33% among controls in our study, and it is also higher than 15.3% [49] , 24.8% [50] and 14.1% [51] , which are the rates for LBC. These college students always show significantly less energy, life satisfaction and emotional and behavioral control than controls, which affects their mental health [12, [47] [48] [49] .
Different left-behind experiences and kinds of social support have different effects on college students' mental health (Table 5) , which confirmed our third hypothesis. Because of the nature of professions, the burden of learning and the learning atmosphere, left-behind students in medical universities were more prone to anxiety, paranoia and psychosis problems, while left-behind students in comprehensive universities were more prone to hostility, paranoia and psychosis problems. Besides, the impact of left-behind experience was greater among boys than among girls, and left-behind experience had more positive effects on girls' mental health, which was consistent with some previous studies [52] [53] [54] . Since girls mature earlier than boys, they are more likely to adopt the role of parent and be more independent in processing and responding to events, especially negative events. Our study found that college students living alone during their left-behind time were more prone to mental health problems than those who lived with one of their parents. Students lacking of fathers' company were especially more prone to OCD, anxiety, terror and paranoia problems, which reiterated the importance of parental companionship for children and adolescents' mental health [17, 55, 56] . Living with a father or a mother, students will receive more care and love, and in this situation, they can receive greater education on how to communicate with others. Especially when their fathers are around, they will be braver, more secure, and have a certain amount of emotional guidance and release. Thus, father or mother's companionship and a warm mother-child relationship may, to a certain degree, satisfy the children by giving them the strength to resist lonely experiences, which will have a potential impact on their mental health [28, 55, [57] [58] [59] [60] .
If the children's parents migrated or the children lived with a support family or single-parent family, and if they lacked an intimate parent-child relationship and communication, they were not able to be trained to have the ability to communicate with others [61, 62] . As dynamic and emotion-related traits spanning from early childhood, psychoticism and neuroticism are partially affected by life experiences and the external environment [63] . Thus, the stressful experience of being left-behind would lead to a susceptibility to negative emotions, such as anxiety, fear of contacting others, having few friends, feeling loneliness, and not venting feelings [64, 65] . Then the left-behind students could not trust others and establish a close relationship with people around them. When they built close relationships with the people around, they had a lot of worries and troubles. As a result, college students with left-behind experience are prone to anxiety, depression, compulsion, interpersonal disorder, a lower subjective well-being, and an incapacity to communicate well with other people and establish meaningful relationship [27, 66] . The results of this study also showed that having a good relationship with their teachers and classmates was a protective factor for somatization, OCD, depression and hostility problems.
Limitations
The results of this study provide some data and basis for the study of left-behind college students' mental health. To make the conclusion more reliable, we applied coarsened exact data matching to compare these college students with controls. However, our study also had some limitations. First, due to being a cross-sectional study, the evidence of this study was weak in verifying causality, and there also could be some unobserved confounding factors in this study. Cohort studies are therefore needed in the future research. Second, despite our efforts to ensure the representativeness of the sample and the investigative quality of the study, we selected participants from only one city in Eastern China, rather than nationwide, which reduced our ability to generalize the findings to college students with left-behind experience in other areas of China. Future studies with larger and national samples should be conducted to make the samples more representative.
Conclusions
Despite these limitations, this study advances our understanding of the mental health of college students with left-behind experience and provides data to guide the development of interventions and prevention programs for promoting the mental health of college students. By controlling the confounding factors using CEM, our results indicated that left-behind experience was an important influencing factor for mental health problems among college students. Because of the limited social support during their left-behind time, these left-behind students showed a higher prevalence than controls not only in total mental health problems, but also in somatization, obsessive-compulsion (OCD), depression, anxiety, hostility, terror, paranoia and psychosis problems.
